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I.1

1.2

INTRODUCTION

General

Offshore pipelines transport enormous quantities of oil and gas vital to the
economies of virtwally all nations. Any failure to ensure safe and continuous
operation of these pipelines can have serious economic implications and possibly
damage to the environment and cause fatalities. A prerequisite to pipeline safe
operation is to ensure their structural imtegrity to a high level of reliability
throughout their operational lives. Such integrity may be threatened by defects
introduced into a pipeline system during its construction or operation. Since it is
virtually impossible to prevent such defects from occurring and because not ail
defects are harmful to pipeline integrity, it is essential to be able to distinguish
defects which can be tolerated from those which can not.

A large number of empirical and/or analytical tools for the assessment of pipeline
defects are available. The project Appraisal and Development of Pipeline Defect
Assessment Methodologies is to evaluate thoroughly all available methods for
assessing offshore pipeline defects. The objective of this project is to establish a
firm basis on all the major aspects of the methodology needed to assess the safety of
offshore pipelines with geometric and material defects. Furthermore, it performs the
necessary development to cover the remaining gaps in the state-of-the-art.

Based on the project proposal, the main tasks in the Phase 1 is the collation of
pipeline defect related literature, including all available codes, standards, published
reports and published papers. From the review of collated documents and interviews
with Operators, a critical appraisal of current industry practice and code provisions
would be undertaken. A database of screened test results for different defect forms
would be created, and present-day inspection methodologies of offshore pipeline
defects would be established.

This report represents a review of the progress of the project in Phase 1 of the
above mentioned four aspects: Collation of pipeline defect related literature, Current
industry practice, Code provisions, and Database of test results for different pipeline
defect forms. ’

Background

A number of studies on the failure/loss of containment of pipelines have been
conducted. Based on statistical analysis of information usually held by Regulatory
Authorities and/or Pipeline Operators, these studies provide indications of the level
of reliability achieved in the operation of pipelines. They also provide information
on the likely level of failure frequency for an individual pipeline depending on
factors such as:

& Cause of Failure

e Location of Pipeline
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. Diameter of Pipeline
. Length of Pipeline

. Contents of Pipeline.
The most recent published studies on pipeline failures are as follows:

. Mandke - evaluation of failure rate data for Gulf of Mexico using the US
office of Minerals and Management Service (MMS) database. This covered
690 incidents that occurred during the Period 1967-87. Information from
1987- onwards is currently not available.

. HSE/UKOOA commissioned a number of studies of pipeline failures in the
North Sea. Some results of the study are reported by Williams et al covering
the period up to 1989. Further reports covering periods 1989 to 1992, and
1992 to 1994 have been released by the HSE (PARLOC) and findings 1994
to 1996 are due to be released shortly by the HSE,

. The Office of Pipeline Safety (OPS) of US Department of Transport (DOT)
collected all pipeline incident data from 1968-1999.

Comparison of Guif of Mexico (Mandke) and North Sea Pipeline failure studies
indicated that the primary cause of failures listed in decreasing frequency of
occurrence/detection were as follows:

Gulf of Mexico: Corrosion, third party, storm and slides, material and
equipment failure.

North Sea: Third Party, corrosion, material failure.

Data extracted from the Office of Pipeline Safety Database on incident and accident
statistics for the period covering 1984-1999 is presented in Table 1.1 for hazardous
liquids and Gas transportation/Distribution. It can be observed from Table 1.1 that
the number of incidents and number of accidents etc are generally similar with no
apparent decrease with time being noted. The primary cause for the incidents are
presented in Tables 1.2 to 1.4. The tables indicate that the cause of damage resulted
from a number of causes including the following:

. Corrosion (internal and external)

. Damage from outside forces (i.e mechanical damage)
. Defective weld and pipe

® Construction/material

The primary cause of failure listed in decreasing frequency of occurrence in general
appears to be as follows:

® Damage from outside forces/outside damage, Corrosion (internal and
external}, defective pipe/weld,
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Although the above information is incomplete and further information (eg. MMS
Hurricane Andrew, HSE PARLOC updates) is to be considered, it can be observed
that damage which require defect assessment procedures to be considered are
required.
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Cause Year

1994 1995 1996 1997 1998
Internal 0 0 1(0.92) 0 () ()
Corrosion
External 5(3.55) 3(33.09 1(0.92) 3(2.78) 3(3.7%
Corrosion
Damage From 79 (56.03) | 66 (68.04) |64 (58.72) |59 (54.63) | 86(65.15)
Qutside Forces
Construction/ 13 (9.22) 5(5.1% 6 (5.50) 4 (3.70) 5379
Operating Error
Operator Error 10 {7.09) 6(6.19) 6 (5.50) 6 {5.56) 8 (6.06)
Other 34 24.11) 117(17.53) |21(28.44) |36(33.33) |28(21.2D
Total 141 97 109 108 132

Values in Bracket % of Total Incidents

Table 1.2:

by Cause
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Cause

Year

1994 1995 1996 1997 1998
Internal 20 (25 5(7.81) 6 (8.22) 16 (23.88) | 13(13.59)
Corrosion
Externgl 13 (16.25) |4 (6.25) 7 {9.59) 5(7.46) 7T07.2%
Corrosion
Damaged From | 23 (28.75) |27 (42.19) |37 (50.68) |28 (41.79) |36 (37.50)
Outside Forces
Constructional/ | 9 (11.25) 13 (2031 | 7(9.59) &(11.94) 19 (19.79)
Material/Defect
Other 15 (18.75) | 15(23.44) [16(21.42) | 10(14.93) |21(21.88)
Total 80 64 73 67 36

Values in Bracket % of Total Incidents

Table 1.3:

Accident Summary by Cause
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Cause Year

1994 1995 1996 1997 1998
Internal 104.H 13 (6.81) 21 (10.99y | 18 (10.2) 19 (12.5)
Corrosion
External 38(15.57)y |21 (12.04) |38 (19.90 34 (19.4) 17{11.2)
Corrosion
Defective Weld | 21 (8.61) 9(4.71) G{d.7hH 3(1.7 7 (4.6}
Incorrect 8(3.28) 26 (13.61) {11 (5.76) 11{6.2) 7 (4.6)
Operation
Defective Pipe 11 (4.51) 14 (7.33) 9 4.7 11{6.2) 6(3.9)
Outside Damage | 57 (23.36) | 54 (28.27) |48 (25.13) |40 (22.8) 40 (26.4)
Malfunction of | 22 (9.02) 5(2.62) 6(3.14) 7.0 3359
Equipment
Other 77 (31.56) 147 (24.61) 1492565 [51(29.1 46 (30.4)
Total 244 191 191 175 151

Values in Bracket % of Total Incidents

Table 1.4:

Office of Pipeline Safety

Summary by Cause
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3

2.1

PROJECT STATUS

Progress

The project began in April 1999 with the execution of Phase I (Phase 1I is presently
an option item). Phase 1 is split into two sub-items as follows:

ltem Description
O001A Creation of Darabase
0001B Creation of Final Report

Phase I is to be completed within a 6 month timeframe. Various activities required
to complete the scope of work were identified in MSL fax of February 17, 1999
These activities are listed below and a statement on progress is given for each.

a) Collate all available, pertinent, documents worldwide.

Approximately 400 references have been identified, of which 350 have been
sourced. This number of references is at the-upper end of expectations.

b) Undertake selective interviews in USA and UK.

Some thought has been given to the organisations that we would wish to
interview, although none have yet been conducted. The interviews have
been deliberately timed so that best use of them can be made, when data and
experience gained from the references has been assimilated. An initial
contact letter has been drafted, see Appendix, to facilitate arrangements for
interviews. Since the letter makes reference to MMS, MMS may wish to
review it.

c} Appraisal of documents and create database.

The source documents have been reviewed, see Section 3. A databage hag
been established of test and numerical data for pipelines containing’ defects,
see Section 6.

d) Critically appraise current industry practice.

Work has commenced on this activity with an examination of the various
provisions of relevant codes. A summary is provided in Sections 4 and 5.
This activity is to be enhanced with findings from the forthcoming
interviews.

e) Establish present-day inspection methodologies.

Source documents containing references to inspection methodologies have
been noted. However, this activity is yet to commence in earnest.
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2.2

2.3

f) Preparation of final report.
This activity is yet to commence.

In summary. the project is on schedule and we expect to complete the study by the
end of September 1999, ie. within the allocated Phase I period.

Activities Planned for Next Quarter

Phase 1 is expected to finish during the next quarter and therefore the planned
activities are all those required to complete the scope of work. The remaining
activities are;

. Source the 50 remaining references, extract the data, enter in the database
and conduct QA checks on the entered data.

. Undertake interviews.

. Complete the appraisal of industry practice following the interviews.
. Document the inspection methodologies.

. Prepare final report.

Information Requested from MMS

We would appreciate an early response from MMS on whether the first contact
letter (set out in the Appendix) is suitable or requires adjustment.

Furthermore, it is almost inevitable that interviewees will ask whether they would
receive anything in return for supply of data. Advice is sought from MMS on a
suitable response to this question.
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3.1

3.1.1

LITERATURE CAPTURE

Methodology

The basic literature survey is the main task conducted in phase I of this project.
There is a significant amount of literature on pipeline defect assessment. The
literature search was performed in three categories. Category I includes codes and
standards on offshore pipeline design and defects assessment. Category II includes
all the technical papers relevant to defect assessment methodologies. Category 11
collects all the possible technical reports from governments and companies. The
most popular and used codes and standards from different countries are also
collected.

A literature database from all the collected codes, standards, technical papers from
conference proceedings or journals was created which includes 400 references. Most
of these references have been obtained although a small % (ie. approximately 12%)
are still being sourced at the present moment. It is possible that the final number of
references may be higher if new information is identified during the course of the
project.

For each reference identified the following information has been recorded.
Reference number, Title of paper, Author(s), organisation, date of publication,
document reference (ie. conference, code, etc.).

In addition to this to enable searching of the database to be undertaken more
efficiently, particularly in identifying those references which contain defect data, a
number of key words have been identified (eg. defect assessment, code, corrosion
damage, mechanical damage, weld damage, material, inspection, etc.). These key
words are currently being further evaluated for future use in enabling interrogation
of the database to be carried out more efficiently.

In this project, the emphasis was confined to offshore pipeline defect assessment and
in particular to identifying those types of defect damage which commeonly oceur.

Definition of Defects

A defect is an imperfection of sufficient magnitude to warrant rejection based on the
requirements of the codes or standards. An imperfection is a material discontinuity
or irregularity that is detectable by inspection in accordance with the requirements
of the codes and standards. Different codes and standards give different warranty of
rejection of the defects. This will be explored in more detail when undertaking
interviews and reviewing inspection methodologies.

Type of Defects

Pipeline defects can be grouped into three categories according to their cause.
Mechanical damage, weld defect and corrosion defect can be defined as follows:
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Mechanical Damage:

Dent: A depression caused by an event that produces a visible disturbance in the
curvature of the wall of the pipe or component without reducing the wall thickness.

Gouge: A surface imperfection caused by mechanical removal or displacement of
metal that reduces the wall thickness of a pipe or component.

Groove: Groove can cause stress concentration at the point and can be considered
as a defect.

Surface Cracks: Pipe body surface cracks shall be considered defects.
Weld Defects:

Arc Burn: A localized condition or deposit that is caused by an electric arc and
consists of remelted metal, heat-affected metal, a change in the surface profile, or a
combination thereof.

Incomplete Penetration: The root head of weld does not completely fill the root of
the joint. .

Incomplete Fusion: There is lack of bond between the weld metal and the base
metal at the root or top of the joint.

Internal Concavity: Incomplete filling of the joint.

Undercut: A groove melted into the base metal adjacent to a weld toe at the root or
top of the joint.

Slag Inclusions: Non-metallic solid entrapped in the weld metal or between the
weld metal and the base metal.

Hollow Bead: Linear porosity or cylindrical gas pockets occurring in the root bead.
Corrosion Defect:

General Corrosion: Uniform or gradually varying loss of the wall thickness over
the area.

Localized Corrosion Pitting: Localized corrosion pitting can reduce the wall
thickness to be less than the design thickness.

Stress Corrosion Crack: There are two kinds of stress corrosion cracking: sulphide
stress corrosion cracking and hydrogen induced cracking. Suphide stress corrosion
cracking occurs primarily in steels at a region subjected to applied or residual tensile
stresses.  Hydrogen induced cracking occurs at fow stresses or even in the absence
of stresses or under external compressive stresses.

The above types of damage are illustrated in Figures 3.1 and Figure 3.2.
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32 Reference Sources

The following lists of reference sources were identified:

General Design Codes and Standards:

L

Pipeline Transportation System for Liquid Hydrocarbons and other Liquiés,
ASME B31.4, 1998, US

Gas Transmission and Distribution Piping Systems, ASME B31.8, 1995, US
Code of Practice for Pipelines, BSI 8010, Part3, 1993, UK

Oil and Gas Pipeline Systems, CAS-Z662-99, 1999, Canada

Rules for Submarine Pipeline Systems, DnV 1996, 1996, Norway

Rules for Subsea Pipelines and Risers, GL. 1995, Germany

Pipeline Transportation System for the Petroleum and Natural Gas
Industries, ISO 13623, 1996

Design of Long Distance Transmission Pipelines, SniP2.05.06-85, 1985,
Russian

Codes and Standards on Pipeline Defect Assessment:

L

Welding of Pipelines and Related Facilities, API - 1104, 1994, US
Pipeline Maintenance Welding Practices, API - 1107, 1991, US

Manual for Determining the Remaining Strength of Corroded Pipelines,
ASME B31G, 1991, US

Guide on Methods for Assessing the Acceptability of Flaws in Structures,
BS 7910, 1999, UK

Specification for Welding of Steel Pipelines on Land and Offshore, BS 4515,
1996, UK

Assessment of the Integrity of Structures Containing Defects, R/H/R6
Revision 3, 1997, Nuclear Electric, UK

(il and Gas Pipeline Systems, CSA-Z662-99, 1999, Canada

The Specification and standards of the following organisations appear in the above
codes and standards.

APl

American Petroleum Institute, USA

ASME American Society of Mechanical Engineers, USA
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BSI  British Standards Institute, UK

CEGB Central Electricity Generating Board, UK
CSA  Canadian Standards Association, Canada
GL  Germanischer Lioyd, Germany

ISO  International Standards Organisation

The majority of sources concerning offshore pipeline defect assessment are the
specific conferences and seminars. The following conferences and seminars are
covered in the literature database.

. Offshore Technology Conference, API, 1985 - 1999
) International Pipeline Conference, ASME, 1996, 1998

. International Conference on Offshore Mechanics and Arctic Engineering,
ASME, 1990 - 1998

. International Pressure Vessel Technology Conference, ASME 1990-1998

. Pressure and Piping Conference, ASME 1990 -1998

. International Offshore and Polar Engineering Conference, ISOPE, 1997,
1998

. API Pipeline Conference, API, 1990-1998

. Pipeline Engineering Symposium, ASME, 1985-1990

» Pipeline Engineering, ASME, 1991-1995

. International Conference on Pipeline Protection, MEP, 1991-1997
® Advances in Subsea Pipeline Engineering, ASPECT, 1994

° International Workshop on Offshore Pipeline Safety, MMS, 1991
. Pipeline Crossing, ASCE, 1996

. Deepwater Pipeline Technology Conference and Exhibition, Clarion, 1997-
1999

In addition, the following Journals were sourced.
. International Journal of Pressure Vessels and Piping, ASME

® il And Gas Journal, OGJ
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. Civil engineering, ASCE
. Welding Journal, AWS
. World Oil, Guif

Several technical reports from government and companies such MMS, BP,
EXXON, API are also reviewed.

To illustrate how the reference source database has been used to identify information
on available data, Tables 3.1 to 3.6 provide extracts of information obtained from
those references which contain data for different defect damage types. It can be
observed that there is a significant number of references which contain data
particularly for corrosion damage. It should be noted that further data may be
identified from references still being sourced.
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Ref Author Main Topic. General Pescription
No.
296 Chouchaout and | Interaction of Describes results of experimental and finite
Pick Corrosion Pits element studies on burst strength of pipes with
nwltiple corrosion pits
297 Chouchaoui and | Corrosion assessment | Proposes a comprehensive 3 level corrosion
Pick procedures procedure drawn from series of burst tests on
pipe sections with both service and simulated
corrosion and a complementary series of FE
analyses.
222 Roberts and Longitudinal stress Most  techniques  consider only  the
Picks assessment of circumferential stress in the pipe in predicting
corroded line pipe the burst pressure of corroded pipe. Tests on
experimental pipe sections and FI analyses to
investigate longitudinal stress are assessed.
223 Wang, Smith, Assessment Full scale tests of 48 inch diameter corroded
Popelar and procedure for pipe with. FE data under combination of
Maple corrosion under bending and other secondary loads.
combined loading
140 Smith and Assessment Fuil scale, small scale and FE studies on
Grigory procedure of corroded pipes subjected to combined loading.
corrosion under
combined loading
141 Cronin, Roberts ! Assessment Measured burst pipe tests with various
and Pick procedure for long corrosion  geometries compared with FE
corrosion grooves in | analyses for long corrosion grooves.
pipes
313 Bubenik Corrosion under Combination of linear and non-linear FE
combing loading studies supported by experiments under internal
pressure and axial loading. '
307 Stewart, Klever | Burst strength intact | Validation of model against limited set of burst
and Ritchie and corroded pipes tests on uncorroded and corroded pipes.
302 Kanninen, Corrosion assessment | Validation of FE data against existing
Grigory et al. procedure under experimental data.
combined loading
337 Hopkins and General corrosion Extensive full scale burst test experimental
fones ASSESSIRENts study into the behaviour of long and complex
shaped corrosion and interacting corrosion.
Results compared with other data.
Table3.1:  Summary of Relevant References for Data on Corrosion (continued...)
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Ref Auther Main Tepic General Description
No.

359 Wang Corrosion method Finite element analyses conducted for
{combined loading) combined loading compared to existing

database of 86 burst iests on corroded pipes.

349 Kiefner and Remaining strength Experimental database of burst tests on

Vieth of corroded pipe corroded pipe
lines

346 Jones et al, General corrosion Results of experimental and finite eclement
assessment study under internal pressure with corrosion

occurring at bottom of pipe.

309 Andrews Effect of corrosion Results in heat affected zone of girth weld seam
on fracture/fatigue examined using FE and experimental data.
resistance

74 Rosenfeld et al. ; Corrosion assessment | A proposed corrosion procedure is compared
procedure with full scale burst tests of 168 pipes

containing ~ actual or simulated metal loss
corrosion of various configurations

Table 3.1:

P254R003 Rev O July 1999
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Ref Author Main Topic General Description
No.
92 Stevick, Haart Fatigue assessment of | Fatigue assessments of damages pipeline. Data
and Flanders dented pipelines compared with S-N predictions.
194 Hagiwarara et al | Fatigue assessment of | Fatigue tests on ERW line pipes with severe
severely gouged line | denting/gouge carried out.
pipes
195 Rosenfeld and Fatigue behaviour of | Dent fatigue tests compared with analytical
Kiefner dented pipes model. Influence of dent geometry, pipe
strength and pipeline operation on fatigue life
estimated.
298 Fowler et al. Fatigue of dented Describes an 5-N based procedure for fatigue
pipe assessment of plain dents including stress
concentration factors, based on FE and
experimental validation,
336, | Hopkins et al. Fatigue/burst Experimental research on plain  dents,
338, pressure of dented combined ~dents carried out to provide
340 pipes guidelines for treatment of dents and
combination of dents and defects.
55 Rosenfeld et al. { Fatigue of shallow Predicted fatigue lives compared with 5
dents in girth welds | experimental pipe tests with dents in girth
welds.
50 Fowler et al. Fatigue of pipes with | Further assessment of experimental data/FE
dents/gouges data (i.e. above reference 298)
Table 3.2:  Summary of Relevant References for Data on Mechanical Damage
Defects
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Ref Author Main Topic General Description
Ne.
304 Leggatt and Weld defect Validation of PD 6493 approach for assessment
Challenger assessment procedure | of girth weld defects against Canadian database
of full scale pipe bend tests.

400 Roodbergen and | Fracture Application of various methodologies (i.e.

Denys methodology for codes) to a variety of girth weld defects for
assessing girth weld | different  pipe  diameter/wall  thickness
defects combinations and line pipe grades.

315 Coote et al. Avoidance of brittle | Full scale tests on girth welds and pipes
failure containing failure circumferential defects

compared with Canadian code and PD 6493,

328, Glover et al. Fracture Extension of work undertaken by Coote et al.

327 methodology

312 Broekhoven and | Verification of Structures of various degree of complexity

Rongen fracture analysis were tested including forty-three full scale
pipeline sections tested with internal pressure
and wide plate tests. Failure data compared to
various codes.

52 Pistone et al. Assessment of girth | Full scale bend and wide plate tension tests on
weld defects in X65 pipe material compared with PD 6493
ductile/brittle predictions
transition zone

82 Balsara Application of Results from a series of seven pipe ring tests
advance fracture using sections from 367 diameter, 15.9 mm
mechanics nominal wall thickness, APl 5 LX material

with different notches, compared with PD 6493
and R6 procedures.

Table 3.3:  Summary of Relevant References for Data on Girth Weld Defects
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Ref Author Main Tepic General Description
No.

46 Buitrago et al. S-N data on critical Fatigue data on critical welds, development of
girth weld S-N curves and methodelogy for assessment.
components

348 Jutta et al. Review of §-N Derivation of S-N design curves from limited
curves and data for data.
pipelines

355, | Vosikovsky Fatigue crack growth | Fatigue crack growth data on several API

357, data pipeline steels for various environmental fest

358 conditions.

356 Vosikovsky et Fangue crack growth | Fatigue crack growth data on API SL X635

al. data pipeline steel in crude oil saturated with H,S.

348 Jutla et al. Review of crack Fatigue crack growth data from various
growth data programs with additiopal data assessed for

developing crack growth modes.

326 Ebara et al. Fatigue crack growth | Derivation of crack growth rates for HT30
data TMCP steel in sour crude oil and comparison

with other data.

44 Robinson et al. | Fatigue crack growth | Derivation of crack growth and thresholds for
data high strength steel up to 700 MPa in sulphate

reducing bacteria environment.

Table 3.4:  Summary of Relevant References for S-N (Fatigue) and Crack Growth

Data
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Ref Author Main Topic General Description
No.
208 Willmot M. et Growth of SCC Experiments to determine crack growth rates
al. under fluctuating under different corrosion environments for
foad pipe Line steels.

212 Zheng W etal. | Growth of SCC Experiments on X352 pipeline steel with
under hydro-testing different coating conditions, crack lengths and

depths.

151 Krishnamurthy | Methodology Experiment on in-service X52 pipeline steel

et al. procedure to manage | and methodology (fracture model) developed.
SCC on X352 pipeline
157 Plamtres SCC, erack growth Experiments on API X60 grade pipeline steel
- monitoring under placed in service in 1972 and removed in
field conditions 1988. Measurements of crack growth rates
and model to assist inspection monitoring.

150 Zheng SCC crack growih Experiments on range of pipeline steels (X52,
subject to Huctuating | X60, X65 and X70) under different pressure
pressure fluctuations with range of different cracks.

Table 3.5:  Summary of Relevant References for Stress Corrosion Cracking Data
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Ref Anthor Main Topic General Description
No.

53 Irisarri et al. Fracture behaviour of | CTOD and Charpy impact tests on API 5L
high strength pipeline | grade X70 pipeline steel.
steel

237 Kostic et al. Material aspects of Metallurgical examination, fracture toughness
X-80 pipeline steel of X-80 steel compared with other grades.

242 Mak and Tyson | Material assessment | Eight pipes in service over a period of 30 years
of pipeline steel have been tested to evaluate toughness

properties. Range of steel grades X52 - X70.
328, | Glover et al, Pipeline using high Toughness data on MMA girth welds for a 914
327 strength steels mm 11.1mm thick grade 50X pipeline steel
evaiuated. .

339 Hopkins et al Toughness data for Extensive program of CTOD tests from iwo
different welding pipelines.
processes

317 Slater and Statistical assessment | Comprehensive analysis of pipeline girth weld

Davey (OTH of weld fracture data based on information gathered from nine
86233) toughness data offshore operators and other sources.

393 McKeehan et al. | High yield to tensile | Evaluation of higher strength stee! pipeline
ratio assessment material (ref. vield to tensile ratio)

Table 3.6:  Summary of Relevant References for Data on Material CTOD/Fracture

Toughness
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4. OVERVIEW OF CODES/PRACTICES

4.1 General

The development of pipeline standards started in the US in the 1930’s with the issue
of the first B31 Code. Pipelines at that time were exclusively onshore pipelines.
Later updating has resulted in a separation into a number of codes, in particular
B31.4 for transportation of hydrocarbon liquids and B31.8 for transportation of
natural gas. Amendments to cover offshore pipelines have been developed and
issued. The ASME B31.4 and B31.8 codes, together with API 5L and the API 1104
specification for line pipe and pipeline welding, respectively, have been used and
referenced by the petroleum and natural gas mdustries worldwide.

However, the development of significant hydrocarbon reserves in Europe and other
parts of the world since the sixties has lead to diversity of pipeline standards and
specifications on a national or company level. Many industrialised countries
developed their own pipeline standards including the prevailing requirements of
their own experts and approving authorities. Thus significant differences in safety
and technical requirements for pipelines developed between the various national
codes. On company level a similar process took place. This resulted in an increasing
volume of standards and specifications with differences in their requirements not
always relevant for the final product.

In recognition of this, the Technical Committee 67 of ISO (ISO/TC 67) was set up
with the objective to develop truly international standards for the petroleum and
natural gas industries. In parallel to the ISO work, Norway decided to establish the
NORSOK organisation with the objective to establish common industry standards.
Similar initiatives have been seen in other countries.

In particular one operator which is a strongly supporting the 1SO work is STATOIL,
because of its position as operator of the largest gas transmission system in the
world. Secondly Statoil has clearly seen the consequences of different pipeline
standards between neighbouring countries.(i.e. Gas transport pipelines like Zeepipe
1, Europipe I and NorFRa cross different national sectors along their routes from
the North Sea to continental Europe. National pipeline regulations and 'industry
standards apply within the sectors resulting in, for example, varying wall thickness
for the same pipeline from one sector to the next, Thirdly, pipeline technology has
improved over the years resulting in improved fabrication tolerances, and better
welding and NDT techniques. Furthermore, improved knowledge of pressure
behaviour, external loads, corrosion protection and operational aspects have also
taken place.

Offshore pipeline system can be grouped into two categories based upon their usage,
oil industry pipeline systems and gas industry pipeline systems. The design,
installation, inspection, repair and maintenance of offshore pipelines are covered by
a number of national codes and standards, which include the following;:

e Pipeline Transportation System for Liquid Hydrocarbons and other Liquids,
ASME B31.4, 1998, US
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4.2

. Gas Transmission and Distribution Piping Systems, ASME B31.8, 1995, US
. Code of Practice for Pipelines, BSI 8010, Part3, 1993, UK

° Oil and Gas Pipeline systems, CAS-Z662-99, 1999, Canada

. Rules for Submarine Pipeline Systems, DNV 1996, 1996, Norway

. Rules for Subsea Pipelines and Risers, GL 1995, Germany

. Pipeline Transportation System for the Petroleum and Natural Gas
Industries, ISO 13623, 1695

. Design of Long Distance Transmission Pipelines, SniP2.05.06-85, 19835,
Russian

These codes and standards specify minimum requirements for the design,
fabrication, installation, operation, re-qualification and abandonment of offshore
pipeline systems. They serve, as guidelines for designers, clients, contractors and
others not directly involved in the certification process. These codes and standards
are not design handbooks, and the exercise of competent engineering judgement is a
necessary requirement to be employed concurrently with their use.

To design an offshore pipeline system, hydraulic, mechanical and structural design
manuals, even textbooks, are required besides the above mentioned codes and
standards. The design process of offshore pipeline system is typified in Figure 4.1.
The required design checks are also typified as shown in Figure 4.2.

Probabilistic Design Methods

A pipeline shall fulfill two basic functional requirements: the individual probabilities
of excessive deformations, resulting in an unserviceable line, and burst, resulting in
loss of contents, must be sufficiently low. The probabilities of excessive
deformations and burst can be assessed using reliability analysis. There are
generally three levels of such analysis at which structural safety may be treated.

Level 1. A semi-probabilistic design process in which the probabilistic aspects are
treated specifically in defining partial safety factors to be applied to characteristic
value of loads and structural resistances. A level 1 structural design is what is now
commonly called a limit state design. It is used as a practical method of
incorporating reliability methods in the normal design process.

Level 2. A probabilistic design process with some approximation. In this process,
the loads and the strengths of materials and section are represented by their known
or postulated distributions (defined in terms of relative parameters such as type,
mean, and standard deviation) and some reliability level is accepted, Level 2
methods are not necessary for component designs (handled by level 1 Limit state
design) but are valuable for economic planning, monitoring, and maintenance
decision-making and structural integrity evaluations.
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4.3

4.4

4.4.1

Level 3. A design process based upon full probabilistic analysis for the entire
structural system. Level 3 methods, which take into account jomnt probabilistic
distributions of load and strength parameters and uncertainties in the analysis, are
extremely complex and limited in practicality. They are used in special
circumstances where the environment is particularly sensitive or where cost savings
justify the additional expense of complex analysis.

Situations where probabilistic methods might be used include the determination of
the factored resistance of new systems and materials and the levels of safety to
control new hazards.

Reliability-Based Calibration

Any design code provides a certain safety margin against failure in design. This
inherent safety margin is mainly related to the choice of safety factors sometimes
selected on a more or less arbitrary basis. This has caused different safety levels for
different design checks.

Limit state design implies that the performance of the pipelines is described in terms
of a set of limit states for which adequate safety margins are quantified. For the
entire limit states, a set of safety factors are calibrated for each safety class using a
structural reliability approach. It introduces flexibility in specific conditions and
provides design with a consistent safety level without compromising the safety
objective.  However, in a sound calibration process a varying degree of
conservatism need to be introduced for individual design scenarios depending on the
knowledge of the prevailing loads, pipe capacities, etc. Thus, the calibrated design
criteria being generally applicable may be expected to be conservative on average.

Design Criteria and Methods in Codes

ASME B31.4 1998 and B31.8 1995

ASME B31.4 and ASME B31.8, together with the API 5L and API 1104
specifications for line pipe and pipeline welding, respectively, are the most widely
applied pipeline codes for the Petroleum and Natural Gas Industries.

The Codes are based on traditional allowable stress design methods. The design
factor for general route pipelines is 0.72 for liquid pipelines based on noninal wall
thickness. In setting the design factor, due consideration has been given to and
allowance has been made for the under-thickness tolerance and maximum allowable
depth of imperfections provided for in the specification approved by the code.

For the gas transmission and distribution piping systems, the code specifies a
Location Class as follows:

o Location Class 1 is any | mile section that has 10 or fewer buildings intended
for human occupancy. Location Class 1 is intended to reflect areas such as
wasteland, desert, mountains, grazing land, farmland, and sparsely populated
areas.
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4.4.2

. Location Class 2 is any l-mile section that has more than 10 but fewer than
46 buildings intended for human occupancy. Location Class 2 is intended to
reflect areas where the degree of population is intermediate between location
Class 1 and Location Class 3 such as fringe areas around cities and fowns,
industrial areas, ranch or country estates.

» Location Class 3 is any 1 mile section that has 46 or more buildings intended
for human occupancy except when a location Class 4 prevails. Location
Class 3 is intended to reflect areas such as suburban housing developments,
shopping centers, residential areas, industrial areas.

. Location Class 4 includes areas where multistory buildings are prevalent,
and where traffic is heavy or dense and where there may be numerous other
utilities underground. Multi-storey means 4 or more floors above ground,
including the first or ground floors.

Allowable tensile and compressive stress values for materials used in structural
supports and restraints shall not exceed 66% of the specified minimum yield
strength. Allowable stress values in shear and bearing shall not exceed 45% and
90% of the specified minimum yield strength, respectively.

BS 8010

The code takes the allowable stress design method as the basic design method as in
other codes. The design factors, appropriate to the assessment of allowable stress,
are given below in Table 4.1,

Hoop stress Equivalent Stress Equivalent stresses
resulting from arising from
functional and construction or

environmental or hydrotest loads
accidental loads
Riser Seabed Riser Seabed Riser Seabed
0.6 0.72 0.72 0.96 1.0 1.0

P254R003 Rev O July 1599

Table 4.1: Design factors f;

Alternatively, the code allows that the acceptability of construction loads may be
assessed on an allowable strain basis, The limit on equivalent stress may be replaced
by a limit on allowable strain, provided that all the following conditions are met:

© Under the maximum operating temperature and pressure, the plastic
component of the equivalent strain does not exceed 0.001. The reference
state for zero strain is the as-built state.

o Any plastic deformation occurs only when the pipeline is first raised to its
maximum operating pressure and terperature, but not during subsequence
cycles of depressurization, reduction i temperature o the minimum
operating temperature.
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J The D/t ratio does not exceed 60.
. Welds have adequate ductility to accept plastic deformation.

. Plastic deformation reduces pipeline flexural rigidity; this effect may reduce
resistance to upheaval buckling and should be checked if upheaval buckling

might occur,

This approach is only permissible where geometric considerations limit the
maximum strain to which the pipeline can be subjected and where the controlled
strain is not of a cyclic or repeated nature.

DNV 1996

The DNV Rules for Submarine Pipeline Systems were first issued in 1976 and have
since been updated in 1981 and most recently in 1996. It has as one of the basic
objectives to “Provide an internationally acceptable standard of safety with respect
to strength and performance by defining minimum requirements for the design,
material selection, fabrication, installation, commissioning, operation, maintenance,
re-qualification and abandonment of submarine pipeline systems.

In DNV ’96 limit state design principles are adopted but allows, as an alternative,
probabilistic design provided an acceptable reliability method is applied by
competent personnet. The design format of the DNV 96 Rules is called a Load and
Resistance Factor Design  LRFD except for the requirement for pressure
containment which is given in the traditional Allowable Stress Design (ASD)
format.

The principle of the LRFD design format is to ensure that the level of structural
safety is satisfactory such that the effect of the design load on the pipeline does not
exceed the design resistance of the pipeline.

The acceptable target failure probabilities should be in compliance with the implied
safety in the rules. By performing a reliability analysis for a specific design case or
for a more restrictive scope of scenarios the inherent conservatism may be reduced.

In DNV ’96, a novel safety class concept is introduced. Based on the fluid
category, location class and phase, the pipeline is classified into a safety class. See
Tables 4.2 to 4.4,
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Category Description

A, Typical non-flammable water-based fluids.

B. Flammable and/or toxic substances which are liquids at ambient
temperature and atmospheric pressure conditions. Typical
examples would be oil, petroleam products, toxic liquids and
other liquids which could have an adverse effect on the
environment if released.

C. Non-flammable substances which are gases at ambient temperature
and atmospheric pressure conditions. Typical examples would be
nitrogen, carbon dioxide, argon and air.

D. Non-toxic, single-phase gas which is mainly methane.

E. Flammable and toxic substances which are gases at ambient
temperature and atmospheric pressure conditions and which are
conveyed as gases or liquids. Typical examples would be
hydrogen, methane (not otherwise covered under category D),
ethane, ethylene, propane, butane, liquefied petroleum gas,
natural gas liquids, ammonia, and chlorine.

Table 4.2:  Categorisation of Fluids

Location Description

Class

1 The zone where no frequent human activity is anticipated along
the Pipeline route

2 The part of the Pipeline/Riser in the near platform (manned) zone
or in areas with frequent human activity. The extent of zone 2
should be based on appropriate risk analyses. If no such analyses
are performed a minimum distance of 500 m could be adopted.

Table 4.3:  Definitions of Location Classes |

Phase Fluid Category A and C Fluid Category B, D and E
Location Class Location Class
1 2 1 2

Temperary | Low Low Low Low

Operational | Low Low Normal High

Table 4.4:  Normal Classification of Safety Classes
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Determination of appropriate target safety levels is fundamental to the process of
developing new design criteria through the application of reliability methods. A
target safety level is defined as the maximum acceptable failure probability level for
a particular limit state design to be accepted, see Table 4.5 below:

Limit State Probability Safety Classes

Category Bases Low Normal High

Serviceability | Annual per 107 10° 107
Pipeline”

Ultimate Annual per 107 10¢ 10°
Pipeline”

 Fatigue Lifetime 107 10 10°

probability
per Pipeline”

Accidental Annual per 10 107 10
k')

1 Or the length of the period in the temporary phase

2 No inspection and repair is assumed, temporary and in-service conditions
considered together

3 Refers to the overall allowable probability of severe consequences.
Table 4.5:  Recommended Target Safety Levels

The evaluation of the target safety level for pipelines should primarily be based on
the implied safety in currenily accepted design practice, using uncertainty measures
representative at the time when the code was made. Further, the nature of failure
and the actual consequence potential in terms of hazard to human health and safety,
damage to the environment, economic losses, and the amount of expense and effort
required to reduce such hazard potential should be take into account.

With no implicit safety level available, the rules provide recommendations on target
failure probabilities versus safety class and limit state category. The base for the
values of safety factor rely on a conservative assessment of implied safety in current
accepted design practice guided by accident statistics and engineering judgement.

Limit State Categories:
Typical Limit States and corresponding limit state categories for a pipeline may be:
Serviceability/Limit State (SLS) Category

. Ovality / ratcheting Limit State
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. Accumulated plastic strain Limit State
. Damage due to or loss of weight coating
. Yielding

Ultimate Limit Sate (ULS) Category

. Bursting Limit State

. Local buckling Limit State (pipe wall Limit State)

® Global buckling Limit State(normally for load-controlled condition}
. Unstable fracture and plastic collapse Limit State

Fatigue Limit State (FLS)

. Fatigue due to cyclic loading
Accidental Limit State (ALS) Category
. Dropped objects

. Trawl gear hooking

- Earthquake.

The hoop stress formula in the DNV rules is the same as in the ISO standard. The
design factor requirements for pressure containment is, however, formulated as a
dual requirement, namely as a check against yielding and a check against bursting as
shown in Table 4.6

Safety Class Low Normal High
Yielding 0.83 0.77 0.77
Bursting 0.72 0.67 0.64

Table 4.6: DNV 96 Hoop Stress Design Factors

A further possibility to benefit the designer is in the application of high quality
material. The design factors given in Table 4.7 below apply when specified
material quality requirements are satisfied.

Safety Class Low Normal High
Yielding 0.85 0.80 0.80
Bursting 0.74 (.70 0.67

Table 4.7: DNV 96 Hoop Stress Design Factors, best material
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4.4.4

Differences can be noted when comparing DNV with ISO as follows:

. The design requirements of ISO are based on yielding exclusively, whilst
DNV applies both yielding and bursting as actual failure modes and presents
a dual requirement for both.

. The design factors specified by DNV for yielding are generally the same as
the ones specified by ISO. Whilst the factors in ISO basically rest on ASME
B31.4/B31.8 and long term industry practice, the design factors in DNV are
supported by extensive research programmes.

. The design factors in ISO are specified depending on fluid category and
Jocation, whilst those of DNV 96 are given by safety Class and in spite of
the fact that the two standards generally specify the same design factors for
the yielding criterion, the two design formats are basically different and may
give different results in some cases

CSA 7662- 1999

In the code CSA 7662-99, allowable stress design is still used for the design
criteria. The stress design requirements are considered to be adequate under
conditions usually encountered and for general stress design of conventional pipeline
systems. The design factors are given in Table 4.8

Load condition
System
A B Pressure Testing
Pipelines 0.72 1.00 1.00
Risers 0.60 .80 1.00

Table 4.8:  Design Factors

As an alternative, it permits for oil and gas pipelines to be designed in accordance
with the requirement of limit state design methods given in Appendix C of the code
as illustrated in Figure 4.3, provided that the designer is satisfied that such designs
are suitable for the conditions to which such pipelines are to be subjected.

Class Location:

. Class 1: Class location assessment areas that contain 10 or fewer dwelling
units shall be designated Class 1 location

® Class 2: class location assessment areas that contain more than 10 but fewer
than 46 dwelling units shall be designated Class 2

@ Class 3: Class location assessment areas that contain 46 or more dwelling
units shall be designated Class3 location
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. Class 4: Class location assessment areas where buildings intended for human
occupancy with 4 or more storeys above ground are prevalent shall be
designated Class 4 location.

Limit State Categories:

Utltimate Limit States

. Rupture

. Yielding caused b primary loads

. Buckling resulting in collapse or rupture
* Fatigue

. Serviceability limit states

. Yielding caused by secondary loads

. Buckling not resulting in Collapse.

ISO/DIS 13623-1996

The standard uses maximum permissible stresses as the basic concept for ensuring
pipeline integrity and serviceability. Formulas and design factors are given for
hoop stress and equivalent stress. Strain based design is allowed in specific cases.

The use of the reliability based limit state design method may be applied with one
important exception, namely that of design for pressure containment for the general
route part of the pipeline.

The hoop stress formula of the ISO standard is based on the average between inner
and outer diameter of the pipeline and on minimum wall thickness as shown in
Figure 4.4. This is different from the traditional formulation (i.e. ASME) which is
based on nominal outer-diameter and nominal wall thickness. The traditional
formulation was established for thin wall pipelines, whilst modern offshore gas
trunklines are designed to much higher pressures giving thicker walls.

The formulation in European standards varies between the countries. Statoil for
example has used a formulation based on inner diameter and minimum wall
thickness. The result of the different formulations is that different standards in
reality express different levels of steel utilisation for pressure containment in spite of
the fact that they all prescribe the same design (ie. utilisation factor of 72% of yield
strength).

Another effect inherent in the traditional design formulation for pressure
containment is that the real steel strength utilisation expressed by the formulation is
different when applied to pipelines with highly different design pressures. Thus the
requirement works differently for an onshore gas pipeline with a design pressure
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typically in the range 60-80 bars and a flowline with a design pressure of say 400
bars both fabricated with the same wall thickness tolerances (eg. APl 8%).

The practical consequences are such that the requirement for pressure containment
normally determines the wall thickness of the pipeline steel. Therefore for the
above example this would mean that the flowline would need relatively more steel
than an onshore gas line in order to meet the same requirements when using the
traditional formulation.

The hoop stress factors were calibrated to lead to the same wall thickness as
required in ASME B31.4 and B31.8 for an average pipeline with a D/T of 60 and a
8% wall thickness tolerance. These factors are given in Table 4.9 below:

Location Design factor u
General Route* 0.77
Shipping Lanes, designated anchoring 0.77
areas and harbour entrances
Landfalls 0.67
Pig traps and multipipe slug catchers 0.67
Risers and station piping 0.67

* The factor may be increased to 0.83 for pipelines conveying category C and D
fluids

Table 4.9:  ISO Hoop stress design factors for offshore pipelines
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5.1.3

DEFECT ASSESSMENT METHODS IN CODES

Assessment of Weld Defects

APL 1104

This standard cover the gas and arc welding of butt, fillet, and socket welds in
carbon and low alloy steel piping used in the compression, pumping, and
transmission of crude petroleumn products and fuel gases and, where applicable,
covers welding on distribution systems. This standard also covers the acceptance
standards to be applied to production welds tested to destruction or inspected by
radiography. It includes the procedure for radiographic inspection.

The standard presents the acceptance standards for nondestructive testing, which
apply to discontinuities located by radiographic, magnetic particle, liquid penetrant,
and ultrasonic test methods. These acceptance standards are based on empirical
criteria for workmanship and place primary importance on flaw length. Such criteria
have provided an excellent record of reliability in pipeline service for many years.

In addition, API 1104 allow the use of alternative fitness-for-purpose criteria based
on fracture mechanics analysis, which incorporates evaluation of the significance of
both flaw depth and flaw length. The fit-for-purpose criteria provide more generous
allowable flaw sizes, but only when additional procedure qualification tests, stress
analysis, and inspections are performed.

The method requires that the welding procedures are qualified for either of two
minimum CTOD toughness levels: 0.005 inch or 0.010 inch. Then, for a given
maximum applied strain, the allowable defect depth is inferred. Limits on defect
length are dependent on defect depth.

A residual strain of 0.2% has been included in developing the acceptance criteria in
order to account for postulated residual stresses of yield magnitude. Defect depth
may be determined by NDT techniques or by consideration of inherent size
limitations due {o weld pass geometry.

BS 7910

As the replacement of PD 6493 and PD 6539, this code outlines methods for
assessing the acceptability of flaws in all types of structures and components.
Although emphasis is placed on welded fabrications in ferritic and austenitic steels
and aluminium alloys, the procedures developed can be used for analysing flaws in
other materials and in non welded applications.

The fracture assessment procedures described in this guide are a development of the
1991 edition of PD 6493. Although there are continuing advances and improvements
in fracture assessment methods, the procedures presented are felt to represent
approaches which have been validated extensively and are intended to provide
consistently accurate and safe predictions. They combine the Crack Tip Opening
Displacement Methods introduced by the Welding Institute via the 1980 edition of
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PD6493 with approaches based on the R6 procedures published by Nuclear
Electric/Magnox Electric (formerly Central Electricity Generating Board).

The code contains improvements to the approaches in PD6493:1991 based on user
experience, additional solutions and improved guidance from various literature
sources, and a fuller integration of R6 Rev 3 procedures.

As in the 1991 edition of PD 6493, three levels of fracture assessment are available
to the user. The choice of level depends on the input data available, the level of
conservatism and the degree of complexity required.

Level I: this is the screening level introduced into the 1991 version of PD6493 and
broadly compatible with the 1980 edition of the document. This level provides a
conservative estimate from its use of the simplified FAD with in built safety factors
and required conservative estimates of the applied stress, residual stress and fracture
toughness.

Level II: this is considered to be the normal assessment route applicable for general
structural steel application and makes use of a more accurate FAD with no inherent
safety factors. The procedure permits the prediction of acceptability of the structure
when all three input parameters are known and also allow limiting values of any one
parameter to be predicted.

Level III: This level employs a full tearing instability approach and therefore
provides a more accurate description of the performance of ductile materials,

All levels refer to tensile Mode I failure only. Shear failure is dealt with the method
in Annex B. All three levels of assessment use a Failure Assessment Diagram
(FAD) which combines consideration of fracture and local plastic collapse.

CSA 7.662-99

Work quality standards of acceptability have been based on experience with
traditional welding and inspection practices. This experience has indicated the
capabilities of welding procedures and personnel in minimizing the incidence of
welding imperfections during production welding of pipe girth welds.

Appendix J is to outline the application of the concept of engineering critical
assessment to fusion welds. Standards of acceptability based on ECA include
consideration of the measured weld properties and intended service conditions for a
specific application. Alternatives to the work quality standards of acceptability can
be derived for sections of a new pipeline.

Appendix K provides the analytical methods that shall be used to derive standards of
acceptability for weld imperfections, which may be used as an alternative to the
standards. The standards of acceptability that are derived are based on engineering
critical assessment and include consideration of the measured weld properties and
the intended service conditions.
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5.2

321

R/H/R6E Revision 3

R/H/R6 was originally published as a CEGB Report entitled “ Assessment of the
Integrity of Structures Containing Defects” 1976,

The R6 defect assessment procedure uses the concept of a failure assessment
diagram (FAD) to define the boundary between the safe and unsafe operating
conditions of the flawed structures.

The procedure described in the main document adopts a deterministic approach in
which specific combinations of defect size and material property values are chosen
to ensure a conservative result in the assessment of defect structures. The elastic-
plastic assessment procedure used in the R6 approach can form the basis of a
probabilistic assessment procedure where the uncertainties in the main assessment
parameters are included. In appendix 10, a probabilistic assessment procedure based
on the R6 analysis is described which takes account of developments in probabilistic
fracture mechanics in recent years. This extends previous applications of
probabilistic fracture mechanics, which have been based mainly on linear elastic
fracture mechanics, to elastic-plastic fracture analysis more appropriate for the
assessment of general engineering structures.

Corrosion Defect Assessment

ASME B31G

This is a supplement to ASME B31 code for pressure piping. It provides a semi-
empirical procedure for the assessment of corroded pipes. The procedure was
developed in the late sixties and early seventies at Battelle Memorial Institute.

Based on an extensive series of full-scale tests on corroded pipe sections, it was
concluded that the experiments on corroded pipe indicated that line pipe steels have
adequate toughness and that the toughness is not a significant factor. The failure of
blunt corrosion flaws is controlled by their size and the flow stresses or yield
stresses of the materials.

Limitations on the use of the B31G procedure include: '

1. It applies to corrosion defects only in the body of the pipe which have
relatively smooth contours and cause low stress concentration

2. It applies to pipes under internal pressure loading only.

The assessment procedure considers the maximum depth and longitudinal extent of
the corroded area, but ignores the circumferential extent and the actual profile.

If the corroded region is found to be unacceptable, B31G allows the use of more
rigorous analysis or a hydrostatic pressure test in order to determine the pipe
remaining strength. Alternatively, a lower maximum allowable operating pressure
may be imposed.
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6.2

DATABASE

Database Requirements

A prime deliverable from this project is a database on the strength of pipelines
containing defects. The usefulness of any database is very dependent on the care
exercised during its development, particularly with such issues as completeness of
captured data, quality assurance and database structure.

MSL’s experience in the area of database preparation would indicate that time spent
during the initial set-up (i.e. in defining the fields of the database) pays dividends
during data entry, data checking and eventual use. As an example, different source
documents will use different units (e.g. inches v. millimetres) whereas the data in
the database needs presenting in consistent units. However, to facilitate the
checking of data entry against the source documents, it is easier to use the original
unit systems of those documents. The database therefore contains a degree of
duplicated columns; one set based on original units and the other with consistent
units. After data entry checking, the columns with original units can then be hidden
for presentation purposes.

It is important to capture the data fully. For instance, the pipe thickness will
normally be quoted but it may be relevant in subsequent analyses to know whether
this value was nominal, measured or inferred (from other variables such as D and
D/T). This information has therefore been carefully recorded. In a similar vein,
the steel yield stress is preferably a measured value but may have been given in
terms of the specified minimum value. Again, such information needs to be
recorded, including both measured and specified values if available. The inclusion
of a ‘comment’ field is essential for recording peculiar testing characteristics. In all
cases, tabular information in the source documents is to be preferred over graphical
information as the latter may introduce scaling errors when extracting data.

Consideration was given to setting up a number of separate databases according to
defect type: dent, gouge, cracks, corrosion, etc. However, many of the fields
would be common, e.g. fields describing pipe geometry, materials, loading, etc. It
was therefore decided to generate a Master Database, subsets of which could be
extracted later for subsequent appraisal. A detailed description of all fields 1s given
in the next subsection.

Description of Fields

The fields defined in the Master Database are reproduced in Table 6.1. In the actual
database, the field headings stretch along one horizontal line. The numbers in the
first row refer to Notes given in Table 6.2.

P254R003 Rev ( July 1599 Page 40 of 45




Sy JO 1 2deg

(" panunuod) SpPRIJ IsBqeIL(f

6661 AN 0 A9Y £O0UYSTd

179 21qeL
591947y BN T wupy |owey |owmny | oedAg
JjooN 23uwy ssong Surpeo] {301n0s) Surpeo proy

{ ]

gy

MNEE\ZW

adA 1,

1 add g,

Hn

odA 1 1iun

adA L

gy

Ao

(a01n08) BWrg

{an1n08) F1oko

(301mog) dewng

{a01nos) W0t

SANS

apRIN)

TRLIIEY

SER00LT

DBIRURIN

fur] -

[rr] g

adiy

Hafy

adA L nun

o

{eomos) yul,

(s01mwos) viy

wareg
JoodAy

1297

Buuaang

O
aouanbag

oy

ON Y

SIN 995




SF JO ¥ 98ed 6661 AL O A2 £00UFSTd

(ponupucd ) SpPY IseqeIe(  1°9 el

fooar] [{usud | oy nury ysiuLy [wwa] | {wew] § fuww] 1 nun Hun 1 adiy
or f o | GowyBuar | () pdop | uonmoo § osoupng °p ’M 1 widag PP BT fEOISOLIOTY

108 ystu | wonwyuanigy Jur] “(fana] *plsan | 77 Jaun | p | uoneso maaw fuweafpl sy | R pawun | fedeyg

ADN0H INAA addy

By | % | fw |ty Py epop aumpiey [ Peve Fewo Ty b0ty Paruny | | oy [aopd | duey | oy fAdiey)

srajoueIed WA SISSIIS [enpisoy SIDFOTLRIE] 2IN30NL]




Notes:
1 SLI = Fully acceptable data
812 = Acceptable data but some nominal values used
SL3 = Acceptable datz but peculiarities
SL4 = Incomplete data, reject

2z M = Mechanical damage {dent and/or gouge)
C = Corrosion
F = Fatigue crack
W= Weld defect
O = Other

3 N = Nominal
M = Measured
C = Calculated
U= Unknown

4 SMLS = Seamless
SAW = Submerged Arc Weiding
ERS = Electric Resistance Welding
N/A = Not applicable (for FE data)

wh

3q = Square indentor

Cyl1 = Cylinder fransverse to pipe
Cyl2 = Cyiinder longitudinal fo pipe
Sph + Spherical indentor

O = Other

6 GW = Girth weid
LW = Longitudinal weld
P = Parent materiai

7 G = General
[ = Internal
E = External
P=Pit
L. = Localised

Table 6.2:  Database notes

P254R003 Rev O July 1999 Page 43 of 45




Inspection of Table 6.1 shows that the data has been entered under ten main
headings, with sub-headings as follows:

1} Specimen Identification

The ‘reference number’ and ‘author’ are the same as in the list of References
herein. The ‘spec ID’ is the specimen identification as used in the source
document. The author and spec ID fields are useful in weeding out duplicate
sets of data. Each specimen is given a unique ‘sequence number’ to facilitate
traceability following screening and the creation of data subsets. Where a
specimen requires multi-row entries (e.g. for the recording of crack growth
data) then letters a, b, ¢ etc. are used after the sequence number to
distinguish the row entries. The ‘type’ column refers to whether the data are
test data or finite element (FE) data. The entries under “screening level’ and
‘type of defect” are defined in Notes 1 and 2 in Table 6.2 respectively. The
latter will be useful for sorting the database and in preparing data subsets.

1) Pipe Geometry

The sub-headings under this grouping are self-explanatory especially when
read in conjunction with Note 3 in Table 6.2. As explained above, the
‘source’ columns are used for data entry purposes and can be hidden after
the data has been checked.

iii) Pipe Specification

The three sub-headings under ‘pipe specification’ record the pipe
manufacturing process and the type of material.

iv) Material Properties
Again, these sub-headings are self-explanatory.
v) Loading

The ‘load type’ identifies the loading regime as appropriate, e.g. pressure,
axial, bending, etc. The loading range (or ranges if multi-row entries are
being used for crack growth tests) is entered under the ‘source’ column in
the original units. The ‘number of cycles’ is only relevant for fatigue or
crack growth tests, otherwise N/A is entered.

Vi) Material Parameters

Sub-headings are provided for brittle fracture parameters, Fracture
Mechanics parameters and residual stresses. These parameters might be
given in some source documents and will become relevant during appraisals
of the various defect assessment methodologies.
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vii}

viit)

Mechanical Damage

The entries under this heading are to characterise the shape, size and
location/orientation of dents and gouges. Once again, duplicate columns
allow for data enfry using source document units and then transposition to a
consistent set. The first column under this heading, ‘type’, allows for
subsequent sorting.

Corrosion

The corrosion section allows data pertaining to the nature and extent of any
corrosion to be entered. The ‘corrosion type’ is a qualitative field and is
used to define whether the corrosion is internal or external, localised or
general, efc.

Crack
The location, depth and length of a crack are entered here.
Comments

This section aliows the embellishment of any noteworthy aspects gleaned
from the source document. It is particularly useful for recording any
peculiar testing procedure or observation that is not addressed in other fields.
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4.1: Offshore pipelines design flow chart
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Limit state design methodology
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Letter Requesting Interview

P234R003 Rev 0 July 1999




To Operating Company

AAAA A

Dear

Pipeline Defect Assessment

MSL, an independent engineering consultancy, has been commissioned by the Minerals
Management Service {(MMS) to conduct a study on the methodologies applicable to
assessing defects in pipelines. The objectives of the study are to collate available
assessment approaches for pipeline defects (e.g. dents, gouges, corrosion and cracks) and to
develop a database {of numerical and test data) on the strength of pipelines containing
defects, The various assessment procedures can then be calibrated against the database.

Our purpose in writing to you is to explore the possibility of arranging a meeting with you,
or a colleague, in the near future. It would be most helpful to our study if you could agree
to a meeting. We would be particularly interested to learn about the assessment
methodologies you might use for given defect scenarios. We would also be delighted to
receive any test or numerical data of pipelines containing defects to enhance the database.
Any such data will be de-sensitised. We appreciate that your time is valuable and therefore
propose only a short meeting, say 20 minutes. We will call you shortly to see whether it
would be advantageous for us to visit and, if so, to arrange a mutually convenient time.

Yours sincerely

P254R003 Rev O July 1999




